
APPENoIX A

DESIGN OF TYPE III T~KS

Over the past 29 years, 51 tanke of four different basic
designs have been buiIt at the Savannah Kiver Plant to store high-
level nuclear wastee. Construction of these tanks ie summarized
in Table A-1; 27 of the tanks are of the most recent, or Tank 111
design, including the 14 tanks that are the eubject of this envi-
ronmental etatement.

The Type 111 tank design was developed after an investigation
of leaks from earlier Type I and Type II primary tanks. At the
time of the investigation (1965), four primary tanks had leaked.
Five more tanks have developed leaks since then, so leaka now af-
fect five Type I and four Type 11 tanks. The conclusion of the
investigation were that the primary leak-producingmechanism was
stress corrosion cracking at sites in or near the weld seame and
that stress relieving after fabrication should eliminate the
cracking. For the Type 111 tanks, means were provided for beating
each finished tank to relieve the atresses generated during fabri-
cation. In addition, atrese patterns were minimized by mounting
the roof-supporting column on the foundation pad rather than on
the bottom of the primary tank (ae in Type I and II) and by pro-
viding an annular clearance around the roof-supporting cnlumn.
Each Type III primary tank holds 1,300,000 gallons, is 85 ft in
diameter, and is 33 ft high.

Structure

Each primary veesel of a Type 111 tank is made of two concen-
tric carbon steel cylinders joined to waeher-shaped top and bottom
platee by curved knuckle plates (see Figure 3-3). Plate thick-
nesses are as follows:

Top and bottom 1/2 inch

Upper knuckle 1/2 inch

Outer wall
Upper band 1/2 inch
Mddle A band 5/8 inch
Middle B band 3/4 inch
Lower band 7/8 inch
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TABLE A-1

High-Level Nuclear Waete Tanks at SRF

Number

1-8

9-12

13-16

17-20

21-24

25-28

29-32

33-34

35-37

38-43

44-47

48-51

Location

F

H

H

F

H

F

H

F

H

H

F

n

w
I

I

II

IV

IV

III

111

111

III

111

III

III

Project
Number

8980

8980

8980 P.W.O.

981031

981089

951493
(75-l-a)

981232

950974

951463
(74-l-a)

951618
(76-8-a)

951747
(77-13-d)

951828

Construction
Period

1951-1953

1951-1953

1955-1956

1958

1962

1975-1978

1967-1970

1969-1972

1974-1977

1976-1980

1977-1980

1978-1981

Type of Construction*

Double wall - cooled

Double wall - cooled

Double wall - cooled

Single wall - uncooled

Single wall - uncooled

Double wall - cnoled

Double wall - cooled

Dnuble wall -,cooled

Double wall - cooled

Double wall - cooled

Double wall - cnoled

Double wall - cooled
(78-18-b)

* Tanks 32 and 35 have removable, roof-eupported cooling coils. Tanks 30, 33,
and 34 have bottom-supported deployable cooling coils. Tanks 29 and 31 have
come deployable and some close-packed cooling assemblies, all bottom sup-
ported. All other cooled tanks have permanently installed cooling coils,
rnof-supported in Typee I and 11 and bottom-supported in Type 111 tanks.
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Inner wall (at column)
Upper band 1/2 inch
Lower band 5/8 inch

Lower knuckle
Outer 7/8 inCtl

1 inch in Tanks 29 through 32 only
Inner
(at column) 5/8 inch

Tanks built before 1974 were made of hot rolled ASTM A516-
Grade 70 steel. All later tanks are fabricated with equivalent
steels (either A516-Grade 70 or A537-Claea I) with the added spec-
ification that the plates be eupplied in the normalized condition.
The normalizing heat treatment (similar to annealing) serves to
optimize notch toughness of the platea and hence resistance to
brittle fracture of vessels fabricated from them. See Appendix B.

Each primary tank sits on in 8-inch bed of insulating con-
crete within a secondary carbon steel containment vessel. The
concrete bed is grooved radially so that ventilating air can flow
from the inner annulus to the outer annulus. Liquid would move
through the slots, and any leak from the tank bottom or center
annulus wall would probably be detected at the outer annulus.

The secondary veseel is 5 ft larger in diameter than the pri-
msry vessel, with an outer annulus 2-1/2 ft wide. The secondary
vessel is made of 3/8-inch steel throughout. Its sidewalls rise
to the full height of the primary tank. The nested two-veeeel
assembly ie surrounded by a cylindrical reinforced concrete en-
closure with a 30-inch wall. The enclosure haa a 48-inch flat
reinforced concrete roof which ia supported by the concrete wall
and also a central column that fits within the inner cylinder of
the secondary vessel.

Because of a high water table, the tanks in H Area are ele-
vated above natural grade and surrounded with mounded earth. The
water table in F Area waa lower than at H Area, and the tanks in
F Area were installed with their tops flush with natural grade.
Becauae the tanks are above predicted water tables, only standard
waterproofing was applied to the concrete encloeure. The higheet
measured water table ia at least 3 ft below the tank bottoms. The
48-inch concrete covers for theee tanka reduce the radiation field
above any of them with
the amount permissible
aonnel, hence no earth

high-heat waste in the tank to less than
for continuous occupancy by operating per-
overburden is required.
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Type III tanka constructed after 1975 are provided with
permanently installed, bottom-supported, vertical colla on 3-foot
triangular centers. Unlike Type I and II tanks, the Type 111
tanks do not have horizontal coils near the tank bottom; in these
tanks the bottoms are cooled by forced air flow underneath. Tbe
nominal heat removal capacity of these coils is 6 x 106 Btu/hr.
Uniformly distributed coOling coils were selected for these tanks
to make them suitable for storing all typea of waates.

Bundles of closely spaced coils are satisfactory for cooling
liquid waatea, including fresh waste with maximum heat output,
because convection circulate the liquid and thereby carries the
heat from remote regions of the tank to the widely spaced bundles.
However, in tanks receiving evaporator concentrate, cooling sur-
faces aeon become encrusted with crystallized waate salta, and all
heat must flow through the deposited salt by conduction, which ia
a relatively inefficient process. Hence, the coils must be dis-
tributed as widely as practical throughout the tank, so that a
maximum volme of solid salt can be accumulated before the salt
thickness on any one coil becomes too great to pass its share of
the heat to be dissipated.

In Tanka 32 and 35, unsaturated liquid waate ia cooled by
cooling-coil bundles (Figure A-1) that are suspended in the tank
through risers in the ronf. A maximum of 10 cooling units can be
inserted in each tank. Each unit haa a heat removal capacity of
600,000 Btu/hr, and there are five in each tank.

Becauae inatallatinn of uniformly distributed cooling coils
in Type 111 tanka already in service is not practical, those now
in concentrate service (Tanka 29, 31, 33, and 34) are being prn-
vided with deployable coolers, which are inserted through the roof
ports and then expanded horizontally to distribute their cooling
surfacea more widely than is the case with the consolidated bun-
dles. Two models of deployable coolers are in use. The early
model, of which four units are installed in Tank 33 and seven in
Tank 34, has 11 double-pipe (hairpin) elements in a conical con-
figuration with a baae diameter of 24 ft. The latest model de-
ploys at both top and bottom into a cylindrical configuration
16 ft in diameter, with 20 single-pipe elements. Figura A-1 ahowa
the basic configurationa of the three typea of insertable coolers.
Both deployable models are nominally 30 ft high, although moat
units have somewhat shortened elements in order to clear the salt
layers already on the bottoms of the tanka at the time of instal-
lation. Fifteen cylindrical units are currently in service in
Tanks 29(4), 30(2), 31(2), 33(4), and 34(3). Three units were
originally installed in Tank 31, but one unit is not operable.
Three additional units are funded for installation in Tank 30.
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Conical Deployable Cooler

Cylindrical Deployable Cooler

FIGURE A-1. Insertable Coolers for Type 111 Tanks 29 through 35
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In addition to the deployable coolers cited above, Tanks 29 and 31
each have five close-packed bundles (similar to Figure A-1) that
were installed before development of the deployable coolers.

Construction Inspection and Testin~

These waste tanks were designed and constructed under increas-
ingly rigorous Quality Assurance plans as requested by DOE. Design
of the veaaels according to the ASMS Code, Section VIII for the
construction of pressure vessels ensures that the mechanical‘re-
quirements are satisfied.

All butt welds on the primary tanks, except welds on the
horizontal roof eurface, and all butt welds on the secondary tanks
joining bottom plates, knuckle plates, and the lowest courses of
center-column and outer-wall plates are radiographicallyin-
spected. Defects are corrected, and ,thenthey are rechecked
radiographically. Beginning with the FY-1974 tanks, all plate
welds in the secondary tanks are radiographically inspected. All
spots on the inside or outside of the primary tanks or the inside
of the secondary tanka, where clips or lugs were removed or where
ottrerexcisions were made, are examined by magnetic particle or
liquid penetrant techniques. Any defects are repaired. Ml butt
welds on the secondary tanks are vacuum leak-tested. A21 welds in
the bottom assemblies of the primary tanks, including knuckle
rings and lowest course welds, are vacuum leak-tested before each
bottom assembly is lowered into final position; these welds are
then tested a second time after the stress-relieving operation.
A full hydrostatic test, consisting of filling each primary tank
with water to a depth of 32 ft and allowing it to stand 48 hours,
ia conductad after atresa relieving. Circumferential welds in the
pipe loops of the cooling coils are radiographed. The assembled
piping is tested hydrostatically to 500 pei and halide leak-tested
at 30 pai.

Tank surfaces are sandblasted to remove mill scale and facil-
itate inspection for inclusions and laminations. Plate edges are
ground clean and smooth to inspect for end laps.

Surface Protection

No special surface protection treatment was applied. Rusting
of annulus chamber surfaces exposed to air ia controlled by mai-
ntainingthe temperature of the air a few degrees above the dew
point. Keeping the tank warm also inhibits interior rusting prior
to ita being placed in service.
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Stress Relieving

c
I

The primary tank is stress-relieved in place after all burn-
ing, cutting, welding, and other high-temperature wOrk belOw the
liquid fill line has been completed. Full stress relief at 11130”F
is accomplished in accordance with the general requirements of the
ASME Boiler and Pressure Vessel code.

Tank Instrumentalion

<
The top openings into the Type III tanks and annular spaces

are closed with stepped concrete plugs (lead plugs in a few
cases), and the openings are used for inatrumentation, cooling
units, or ventilationsystem connections. The printipal instru-
mentalion provided for each tank consists of:

o Liquid Level. me amount of liquid waste is determined by two
different systems in each tank. One system uses a conductivity
probe on the end of a tape reeled in or out by a motor drive,
with both local and remote readout in the Control Room. Hand-
held steel tapes serve as a backup system.

For Tanks 29 through 34, four stationary conductivity probes
are provided, one in each quadrant, for determining the pres-
ence of liquid in the annulus. Three of the probes are single-
point devices, and the fourth is a multipOint prObe that can
obtain an approximate determinantion of.the liquid level in the
annulus as well as the indication of leakage. A pneumatic dip-
tube system is also provided. Later Type III tanks have a
single-point probe in each quadrant and a single-point probe in
the center colmn annulua. Evidence of leakage into annulus,
as well as tank high- and low-liquid level in any of these
waste tanks, is signaled to the tank farm control house.

o Temperature. Temperature measurements are obtained from therm-
ocouples located in and around the waste tanks. See Tables A-2
and A-3 for locations and alarm settings. Thermocouples are
grouped and referenced to alarm modules according to tank serv-
ice and thermocouple location. This arrangement provides max-
imum ease and flegibility in changing alarm settings.

A atainlesa steel thermowell is installed in each of four
tank-top plugs, spaced 90” apart, on each Type 111 waste tank.
Seven thermocouples are installed in each thermowel1 spaced
from 1 inch from the bottom of the tank to about 26 feet from
the bottom.

Temperatures are recorded in the control house, and recorders
are equipped with high-temperature alarms.
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TABLE A-2

Currently Specified Thermocouple Locations

Location

Annulus air in

Annulus sir out

Purge vent

Purge condenser sir out

Purge condenser CW out

Cooling inter supply

Cooling water return

Tank contents (Risers D1 through D4)

Primary liner sidewalls

Primary liner knuckleplate

Primary liner bottom

Secondary liner bottom

Working slab bottom

Thermocouples
Per Tank

1

1

1

1

0

1

1

21-28

6

4

60
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TAELE A-3

Temperature Alarm Set-Points by Tank Service or Gntents

Thermocouple Location or Service

Cooling water supply
Purge condenser cooling water outlet

Cooling water return

Lower primary liner knuckleplates

HLW, LLW, and aludge tank vents
HLW and LLW contents 10 ft and above
HLW and LLW primary sidewalls 10 ft and above

HLW and LLW contents below 10 ft

HLW and LLW primary sidewalls below 10 ft
HLW and LLW primary bottoma

Salt and feed tank vents

Salt tank contents
Salt tank primary sidewalls and bottoms

Feed tank contents
Feed tank primary aidewalla and bottoms

Sludge tank contents
Sludge tank primary sidewalls and bottoms

Alarm

Temperature, 0C

<5

>80

<21

>65

>135

>180

>90

>100

>90

>135
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● Pressure and Flow. The water supply line to the cooling units
for each tank is equipped with a pressure gage, and connections
for a portable flowmeter are provided. Each cooler ia equipped
with a pressure relief valve on the outlet piping and a pres-
sure gage on the inlet. In the tank vapor space ventilation
system, tank static pressure, preaaure downstream of the fil-
ters, and differential preaaure acrosa the demister can be
measured for each tank. Differential pressure awitchea are
installed to signal vent exhauater failures and plugged fil-
ters.

Ventilation

The ventilation systems for Type 111 primary tanka are
negative-preaaure ayatems designed for purging the interior volume
at a rate in excess of 100 cfm, In a typical installation, air
enters through a HEPA filter and ia”conducted by a 4-inch pipe
through the roof into the waate storage space. Air leaves the
storage apace by way of a 12-inch riser pipe positioned acroas the
tank from the inlet. The @xha,batair firat passes through a dem-
ister in the riser, which intercepts dropleta and returns them to
the tank. Then the air pasaes through a condenser to extract
potentially radioactive moisture, through a heater to raiae the
air temperature above ita dew point (to prevent water vapor con-
densing on the HEPA filters), and through a HEPA filter to remove
solid particlea. The air ia finally discharged to the atmosphere
through an exhauat blower. Tanka 35 through 37 (and all future
tanks) have aystema that continuously monitor the radioactivity
level and hydrogen concentration in the tank purge exhaust air.

The ventilation and dehumidification syetems for Type III
tank annuli differ from those installed in annuli Typea I and 11
tanka in that, in addition to the warmed air flow directly into
the outer annulua, approximately 1000 cfm of air ie drawn through
the inner annulus, passes beneath the primary tank through the
radial groovea in the concrete baae slab, and exhausts into the
outer annulua. Beginning with Tanks 35 through’37, the annulus
ventilation ayatem will have a capacity of about 8000 cfm, up to
about half of which can be passed through the inner annulus and
beneath the primary tank. The increaaed flow ie to aid in cooling
the tank bottom. All of the Type 111 annuli are ventilated under
negative preaaure by means of exhausters (Type I and II annuli
operate under positive preaaure). Tanka 35 through 37 (and later
tanks) also have radiation detectors to monitor the concentration
of radioactivity continuously in the annulua exhaust.
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Waste Inlet and Outlet Pipin~

c1

One 3-inch-diameter, Schedule 40, stainless steel waste
transfer pipeline is connected to each tank from diversion boxes
except Tank 43H and Tank 26F, which have two. The pair of trana-
fer lines running from the diversion box to the encasement wall of
each tank is enclosed in an 8-inch-diameter, Schedule 20, carbon
steel pipe jacket. The jacket goes through the tank encasement
wall. The slope of the waste transfer lines is such that they are
free draining (without pockets). The jacket piping drains to a
leak detection box fitted with a probe for detecting liquid.

In the first six Type III tanks (29 through 34), two 3-inch-
diameter inlet lines bridge the tank annulus within a jacket. The
jacket tube consists of.two piecee, a 10-inch-diameter, Schedule 20,
carbon steel pipe that is telescoped into a 12-inch-diameter,
Schedule 40, carbon steel pipe. The outer end of that jacket as-
sembly is embedded in the tank’s concrete encasement, and the
joint between the two telescoped,sleeves is sealed with asbestos
packing that can slip slightly to allow for thermal expansion.
The jacket pipe and the two inlet lines are welded individually to
the outside surface of the tank.

In the FY-1974 and subsequent Type III tanks, the packed tel-
escoping joint in the line jacketa ie eliminated, and the jacket
ia centinuous to the tank interior, being seal welded to the pri-
mary tank upper knuckle. Thie provides greater jacket integrity
and permits hydrostatic testing of the jacket. To accommodate
expansion, the jacket passes through a slightly larger pipe sleeve
welded to the secondary liner and embedded in the concrete vault
wall. The annulus between the jacket and the sleeve ie packed
with asbestoa to seal off the tank annular space from the tank
exterior.

The two inlet 1ines enter the primary tank through the top
knuckle; each terminates in a connector flange a few feet inside
the tank, about one foot above the tank’s normal fil1 line, and
under a tank top riser. Thermal expansion of the waste inlet
1ines, outside the primary tank, ia accommodated by free space
in the jacket and bends in the lines at a short distance from
the tank. A steam jet can be connected (within the tank) to
either of the inlet lines to permit withdrawal of supernate
liquid waste from the tank.

Each tank is also equipped with a stubbed-off spare inlet
line for unprocessed waste and an inlet and outlet line for the
recirculating waste concentrate loop. The spare inlet line and
the concentrate lines are 2-inch-diameter stainless steel pipe.
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The design for all of these is similar to that for unprocessed
waste transfer lines described above, except that smaller jacket
pipes are used (6-inch and 8-inch diameter).

The lines for unprocessed waste (fresh or aged) and for the
concentrate inlet and outlet lines each terminate in connector
flanges within the tank, under tank risers. Service nozzles for
steam or air and flush water, respectively, are mounted in the
same supporting framework. Adapter assemblies can be inserted
into a tank through a riser to make connections for appliances
such as waste inlet downcomers, steam eductors and waste-out
transfers, and concentrate inlet drop valves. The connections
are gasketed flanges that are designed to be tightened by applying
torque to screw stems which are accessible in the riser, and which
activate clamping mechanisms on the flanges.

Leak Detection

The primary means for detecting leaks from the primary ves-
sels is the same for all double-walled tanks: instrumented and
visual surveillance for liquid in the secondary pan or liner under
the annular space between the free-standing primary tank and the
secondary vessel. Conductivity probes, supplemented by pneumatic
bubbler tubes (dip tubes), are installed in each tank annulus to
provide automatic early warning if liquid accumulates in the
annulus. Evidence of leakage into the annulus, as well as chang-
ing liquid level in any of these waste tanks, is signaled to the
tank farm control house. Four access risers in each tank annulus
permit direct visual inspection of limited regions of the annulus
pan. An optical periscope and direct photography are also used
for annulus inspection. Beginning with the FY-1974 tanks (Tanks 35
through 37), Type III tanks are provided with 14 similar annulus
inspection ports (plus the four large risers); these will permit
inspection by periscope and direct photography of 100% Of the
primary wall outer surface. The methods for inspection and the
significant results to date are swmarized in Section II-A of
ESDA-1537.

Beginning with the waste tanks constructed under FY-1975
Project 75-l-a, an additional improvement in leak detection capa-
bility is provided (Figure 3-3) which permits verification of the
integrity of the secondary tank. A grid of interconnected radial
channels is formed on the inside of the concrete base slab on
which the secondary tank rests. The channels are sloped to drain
through a collection pipe to a sump outside the concrete enclosure
around the tanks. An access pipe rises to grade from the sump to
allow for liquid measurement, sampling, and pumpout of collected
liquid. This system is similar to that under the single-wall tanks
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(Type IV). No such system waa included in the Type I and II tanka
or the early Type 111 tanks.

A gamma monitoring tube network was installed beneath the
tank foundation slab of Tanka 36 and 37 (FY-1974, Project 74-l-a)
becauae no leak detection gridwork (aa planned for all future
Type 111 tanka) was included in this project. A gannnamonitoring
tube network was not installed under Tank 35 becauae the tank was
urgently needed for fresh waste service, and the installation of
monitoring tubes would have significantly delayed availability of
the tank. me gannnamonitoring system is a series of 3-inch steel
tubes, welded smooth, and lined with polyethylene. At least twice
a year, a gamma radiation detector ia inserted into the liner to
monitor for leakage outside the secondary container.
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